have been proposed for each anatomical district [1 -4] ; however, it has been demonstrated that size alone has low sensitivity and specificity. In fact, while up to 30 % of LNs smaller than 5 mm could be malignant, benign LNs could be larger than 20 mm in the case of acute or chronic inflammation [5] . In addition, shape, borders, architecture, echogenicity and echotexture, vascular pattern, and distance of LNs from the neoplasia have also been proposed to increase accuracy [6] . However, EUS evaluation of LN morphology in this respect allows a confident diagnosis in just 25 % of cases [7] .
To increase the accuracy of differential diagnosis, EUS-guided LN sampling has been advocated. A large meta-analysis reported good sensitivity (88.0 %) but suboptimal specificity (96.4 %) for the diagnosis of malignant LN with EUS-guided fine needle aspiration (EUS-FNA) [8] .
EUS image enhancement techniques were developed to increase the negative predictive value (NPV) of EUS and EUS-FNA [5] . In particular, EUS elastography (EUS-E) is capable of displaying tissue stiffness with a color scale, blue LNs being stiffer and more likely malignant than green ones. In theory, EUS-E could be used as a targeting method for EUS-FNA to increase the accuracy and reduce the number of needle passes. A metaanalysis demonstrated that EUS-E shows the same sensitivity (88 %) as EUS-FNA with a specificity of 85 % [9] . Different imaging techniques have been used in an attempt to characterize LNs. In 2003, Kojima et al. described contrast-enhanced echolymphography, where they injected carbon-dioxide microbubbles with an FNA needle into an enlarged LN to assess its vascular architecture. Observed sensitivity and specificity were 95.8 % and 90.3 %, respectively [10] . Subsequently, different studies reported both Doppler imaging (CE-EUS) and contrast-harmonic EUS (CH-EUS), with mixed results (sensitivity in the range 60 -100 %, and specificity in the range 85 -100 %) [11] .
The aim of this study was to evaluate the pooled sensitivity and specificity of CE-EUS and CH-EUS for the differential diagnosis between benign and malignant LNs.
Material and methods

Literature search
At the end of December 2017, we conducted a systematic review of English-language articles through MEDLINE using PubMed and Google Scholar interfaces. The following search terms were used: contrast, contrast-enhanced, contrast-enhanced harmonic, CE-EUS, CH-EUS, CEH-EUS, endoscopic ultrasound, EUS, endosonography, endoscopic ultrasonography. The references from the selected articles were then analyzed to retrieve any other study that eluded the primary search.
Study selection
Inclusion criteria were: (1) original studies [randomized controlled trials (RCT), prospective studies (PS) and retrospective studies (RS)] designed to evaluate the diagnostic accuracy of contrast-enhanced EUS for the differential diagnosis of benign and malignant LNs; (2) use of pathology (EUS-FNA samples or surgical specimens) or at least 3 months' follow-up as reference standards; (3) sufficient data for identification of true positive (TP), false positive (FP), false negative (FN), and true negative (TN) cases.
Studies were excluded in the case of unavailable, incomplete, duplicated or updated data, or in the case of case reports or case series enrolling < 10 patients.
Data extraction and assessment
Two different physicians independently recorded the following data: authors, affiliation, country of origin (east vs. west), year of publication, study design, ultrasound platform and echoendoscope equipment, contrast modality used, ultrasound contrast agent, diagnostic criteria used to identify malignant LNs, sample size of the study, mean patient age, patient gender, mean LN size. No disagreement emerged during data collection. Qualitative assessment and evaluation of the potential bias of each study were carried out according to Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) system, based on the following four domains: patient selection, index tests, reference standard, and flow-and-timing [12] .
Statistical methods
All categorical variables were reported as frequencies and percentages while the continuous variables were described as means and, when possible, standard deviations, or medians and ranges. To calculate the mean and standard deviation in studies which presented medians and ranges, we used a dedicated statistical algorithm [13] . The diagnostic performance was evaluated using classic biostatistical measurements of accuracy: (1) discriminative measurements such as diagnostic odds ratio (DOR), sensitivity (SE), specificity (SP), area under the curve (AUC) and summary receiver operating characteristics (SROC) curve; (2) predictive measurements such as positive (PPV) and negative (NPV) predictive values or positive (LR+) and negative (LR-) likelihood ratios [14, 15] . Briefly, the diagnostic odds ratio represents the ratio of the odds of positivity in diseased patients relative to the odds of positivity in non-diseased patients [16] . The DOR was used as the main indicator of diagnostic performance. The values of each DOR were obtained starting from a 2 by 2 table for each parameter in each study included. The DOR was calculated starting from true positive (TP), false positive (FP), false negative (FN), and true negative (TN). When 0 counts occurred in any of the cells in the 2 by 2 table, 0.5 was added to all cell values as a correction. The value of a DOR ranges from 0 to infinity, with higher values indicating better discriminatory performance of the parameters (more positive in patients with disease), while a value lower than 1 was related to improper parametric interpretation (more negative in patients with disease). A value of 1 means that the parameter does not differentiate between patients with the disorder and those without it. The DORs were calculated as meta-analytic pooled data as points estimated with a 95 % confidence interval (95 %CI) using the DerSimonian-Liard random effect model [17] . The area under the curve (AUC) represents the accuracy, ranging from 0 to 1 and is classified as poor (AUC < 0.5), low (0.5 ≥ AUC < 0.7), moderate (0.7 ≥ AUC < 0.9), or high (0.9 ≥ AUC = 1) [18] .
The positive likelihood ratio represents the ratio between patients with positive risk parameters and "diseased" as the same result in "healthy" patients; the negative likelihood ratio represents the ratio between patients with a negative risk parameter and "diseased" as the same result in "healthy" patients. The LR+ and LR-were calculated as meta-analytic pooled data as points estimated with a 95 % confidence interval (95 %CI) using the DerSimonian-Liard random effect model [17] .
Finally, the presence of publication bias, diagnostic threshold variation, and heterogeneity "between-studies" was investigated to obtain robust conclusions. We explored the effect of the absence of small sample size "negative" studies and evaluated the asymmetry test described by Deeks et al. [19] . The presence of diagnostic threshold variation influences the values of the DOR and the symmetry of the SROC curve. When DOR variation is present, there is no linear relationship between the DOR and the AUC. Diagnostic threshold variation was studied using the Moses-Shapiro-Littenberg method [20] . A two-tailed P value < 0.10 indicated statistically significant asymmetry. A symmetrical SROC curve meant that the parameters had a constant DOR while an asymmetrical SROC curve resulted when the DOR changed among the various studies. Finally, the "betweenstudy" statistical heterogeneity was assessed using both the Cochran Q statistic (P < 0.10) and I 2 statistics. In particular, the value of I 2 describes the percentage variability in point estimates which was due to heterogeneity rather than to sampling error. In fact, the I 2 statistic does not depend on the small sample size of the data, unlike the Cochran Q statistic. Heterogeneity was considered to be low when I 2 was < 30 %, moderate if between 30 % and 50 %, and high if > 50 % [21] . Statistical analyses were carried out using Meta-Disc version 1. 
Results
Included studies and quality assessment
In total, 205 studies were identified during the literature search and 15 additional manuscripts were found from evaluation of the references in those studies. After exclusion of duplicate publications, 210 articles constituted our study object. Of these, 146 manuscript were excluded after title and abstract evaluation. Sixty-four studies (56 full-text and 8 abstract) were retrieved; 58 out of 64 were excluded due to a non-EUS approach (n = 31), non-contrast-enhanced techniques (n = 16), or assessment not including LN (n = 11). Finally, the manuscript by Kojima et al. [10] was excluded because of investigation of a different technique (namely, "EUS echolymphography"); the abstract presented by Miyata et al. [22] was excluded because of data overlapping with a full-text study [23] . The study flow chart is shown in ▶ Fig. 1 and the main characteristics of the four studies included (336 patients) are reported in ▶ Table 1  [ 23 -26] . ▶ Fig. 2 shows the quality assessment according to the QUA-DAS-2 tool. All studies showed high quality in terms of risk of bias and applicability; however, in the study by Xia et al., the risk of bias and applicability of patient selection and index test were unclear because data had been extrapolated from a larger study including intra-abdominal lesions of undetermined origin and seemed to be based only on FNA results [26] .
Differential diagnosis between benign and malignant LNs
Meta-analysis results (random-effect model) are summarized in ▶ Table 2 . Contrast-enhanced EUS had a pooled sensitivity of 82.1 % (95 %CI 75.1 -87.7 %) and a pooled specificity of 90.7 % (95 %CI 85.9 -94.3 %) (▶ Fig. 3a,b) . Significant heterogeneity was found in sensitivity (Cochran Q test 31.28; d.f. 3; P < 0.001; 
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curve is shown in ▶ Fig. 4 ; the area under the curve was 0.958 (SE 0.02). It was not possible to perform a meta-regression analysis due to the small number of studies included.
Pooled analysis of studies performed using CH-EUS
Two studies (143 patients with 177 LNs) were performed using dedicated contrast harmonic mode for evaluation of the nature of the LNs [23, 26] . Pooled sensitivity was 87.7 % (77.0 -93.9 %); no significant heterogeneity was found (Cochran Q test 2.60; d. f. 1; P = 0.107; I 2 = 61.6 %). Pooled specificity was 91.8 % (84. Fig. 5 ).
Bias estimation ▶ Fig. 6 shows the Deeks' funnel plot asymmetry test with 1/ root (effective sample size) (ESS) plotted on the y axis and DOR on the x axis. The superimposed regression line weighted the effect of sample size on the DOR. The statistically non-significant P value (0.28) for the slope coefficient suggests symmetry in the data and a low likelihood of publication bias.
Discussion
While the pooled diagnostic accuracy of B-mode EUS, EUS-E, and EUS-FNA has already been evaluated [8, 9] , this is the first meta-analysis looking at the pooled sensitivity and specificity of contrast-enhanced EUS in the differential diagnosis of LNs. The correct differential diagnosis between benign and malignant LNs is crucial for patients undergoing EUS for either tumor staging or other indications. While B-mode EUS criteria (i. e. size, morphology, shape and echogenicity) are essentially inadequate to draw reliable conclusions about the nature of LNs, EUS tissue acquisition allows accurate pathological characterization. Since EUS-FNA presents 88 % sensitivity in this setting, EUS image enhancement techniques (EUS-elastography and contrast-enhanced EUS) have been developed to increase the negative predictive value of EUS-FNA [5, 8] .
Considering that diverse results were reported in the literature, we aimed at identifying the pooled sensitivity and specificity of contrast-enhanced EUS for the differential diagnosis of benign and malignant LNs [11] . The present meta-analysis showed a poor pooled sensitivity (82.1 %) and an optimal pooled specificity (90.7 %). We found significant heterogeneity among the four studies in terms of sensitivity but not specificity; this finding could be justified by the small number of studies ▶ included (n = 4) but also by significant differences in the characteristics of the patients and studies [27] . The number of cases in the four studies ranged from 34 to 143, without publication bias or other sample size related effects [19] . The disease prevalence ranged from 32.9 % [23] to 67.6 % [26] ; however, pooled specificity tended to be lower in studies with higher disease prevalence, while no significant effect on pooled sensitivity was established [28] .
Although it was not possible to perform a meta-regression due to the small number of studies, we performed a subgroup analysis including only studies evaluating the performance of a dedicated contrast-harmonic mode (CH-EUS); pooled sensitivity increased significantly to 87.7 % and pooled specificity to 91.8 %. No significant heterogeneity was observed between these two studies [23, 26] .
Recent guidelines recommended CH-EUS to distinguish benign from malignant pancreatic lesions but not to distinguish benign from malignant LNs [7, 29] . However, we believe that our meta-analysis has provided novel evidence in the field of CH-EUS for the differential diagnosis of LNs.
In fact, the two studies with CH-EUS reported increased pooled sensitivity and specificity compared to CE-EUS (sensitiv- ity 87.7 % vs. 82.1 %; specificity 91.8 % vs. 90.7 %). This difference can be attributed to the improved capability of detecting pathological alterations in the microvascular architecture of LNs. Color Doppler-enhanced CE-EUS is able to detect ultrasound contrast agents only at the level of arterioles and venules, while CH-EUS depicts the presence of microbubbles within the fine capillary network [30] . While a massive neoplastic involvement of LNs could be accurately detected even by CE-EUS, the involvement of smaller areas of LNs could not be identified by such an approximate technique. In contrast, tiny areas of capillary bed disruption appear clearly hypo-enhanced at CH-EUS while tumoral neoangiogenesis is shown as peripheral heterogeneous enhancement, with centripetal microvascularization and perfusion defects. Finally, the presence of neoplastic avascular necrosis could represent a limitation for CE-EUS and CH-EUS explaining the suboptimal sensitivity of both techniques.
EUS-FNA is the only method which can obtain pathological confirmation of the underlying disease. With mounting advances in cancer treatments and the advent of oncological target therapies, the characterization of a malignant LN is sometimes necessary to guide the subsequent clinical management. While the specificity of EUS-FNA for the characterization of extraluminal solid malignancies is estimated to be 100 %, in the case of LN sampling, there is 1.1 -5.3 % of false positive results due to possible contamination as the needle passes through the neoplastic area or due to aspiration of luminal neoplastic cells [7, 8, 29] . In this setting, image enhancement techniques could be used to target malignant LNs with an increase in the diagnostic accuracy and a reduction in the number of needle passes and potential complications.
CH-EUS requires the injection of an ultrasound contrast agent (UCA) and the continuous observation of the target area for 2 -3 minutes; this technique shows an optimal positive predictive value (> 95 %) in this setting. To date, no study has been designed to compare EUS-E and CH-EUS or investigate the diagnostic accuracy of the combination of the two techniques for the evaluation of LNs. Theoretically, the combination of the two techniques could overcome some particularly difficult cases such as benign necrotic LNs, hypoenhanced on CH-EUS but red-green on EUS-E, or large malignant LNs, inhomogeneous on EUS-E with clear malignant portions on CH-EUS. In this field, the presence of multiple LNs represents a wellknown limitation of CH-EUS; indeed, while the crucial moment in the detection of lesions is the late venous phase, the characterization of LNs should be performed during the arterial and early venous phase. In cases where more than one LN is suspected, repeated UCA injections should be performed; we suggest starting the evaluation with B-mode and even EUS-elastography, and then using CH-EUS to study in detail the LNs with greater evidence of malignancy. Repeated injection of UCAs has been demonstrated to be a safe and reproducible technique; however, no study has used this combined approach to multiple LNs. Of course, this approach leads to an increase in length of procedures and increased costs; on the other hand, in the case of multiple suspected LNs, several EUS-FNAs need to be performed, changing the needle in any station, if possible, to reduce the risk of seeding.
The main limitation of this study is the small number of studies included and the relative number of cases evaluated. Although six studies were thoroughly evaluated [10, 22 -26] , two had to be excluded due to differences between the techniques assessed (direct injection of contrast inside the LNs instead of a vascular perfusion technique) [10] , and an overlap in population enrollment [22] . On the other hand, a strength of this study was in using pathology in all of the included studies as a reference standard for the diagnosis of malignant LNs. Quantitative analysis of these studies suggested significant heterogeneity among the results; in particular, the small number of included studies, differences among the techniques used (CE-EUS or CH-EUS), and population characteristics (known bilio-pancreatic cancers vs. abdominal masses of unknown origin) all have a bearing on the results. The prediction interval (Pr I) of the DOR was between 0.47 and 6298, confirming this hypothesis. On this basis, new evidence is required from original articles, using the data reported here as a starting point, and based on large homogeneous cohorts and different imaging techniques. Finally, none of the studies included here reported a calibration set in their analysis.
In our opinion, the inclusion of studies conducted with both first and second generation UCAs should not represent a significant limit; first generation UCAs present lower diagnostic accuracy compared to second generation ones (SonoVue and Sonazoid); however, in the setting of solid pancreatic masses, despite the larger number of studies conducted, some authors [31] have demonstrated with a meta-regression that the relative diagnostic odds ratio is not statistically significantly different between studies conducted with first and second generation UCAs. On this basis, the study by Kanamori et al. [24] was not excluded from the analysis, although it represents a further potential source of heterogeneity.
In the two studies conducted with CH-EUS, Sonazoid was used as UCA. No study is available in the literature directly comparing the diagnostic effect of the two second generation UCAs, in any setting. A recent meta-analysis [32] included studies with both first and second generation UCAs and identified a better diagnostic accuracy with Sonazoid for the characterization of focal liver lesions with trans-abdominal ultrasound (CEUS). The main difference between Sonazoid and SonoVue is in the longer contrastographic effect of the former; however, in terms of differential diagnosis between benign and malignant LNs, the diagnostic advantage seems equivalent; indeed, the main differences appear in the arterial and early venous phases. On the other hand, the longer venous phase may give Sonazoid an advantage in other conditions, such as the detection of subtle lesions in large organs (such as the liver) or as a guide for EUS treatment.
In summary, these data provide interesting insights and new evidence in this field. The first conclusion is the recommendation against using contrast-enhanced EUS without a dedicated contrast harmonic mode; indeed, CE-EUS presents inadequate sensitivity ( < 85 %). Second, this study recommends further larger studies evaluating the accuracy of CH-EUS, possibly in combination with elastography. Finally, despite the small number of available studies, this is the first level-1a evidence on the diagnostic accuracy of contrast-enhanced harmonic EUS for the characterization of LNs reporting good pooled sensitivity (87.7 %) and optimal pooled specificity (91.8 %), comparable with other image enhancement techniques (i. e. elastography) and even tissue sampling. Although new studies are required in this field, these findings indicate a role for CH-EUS in the diagnostic algorithm of suspected LNs.
